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(54) Optical disc recording method and optical disc recording apparatus 



(57) An optical disc recording method comprises the 
steps of: setting a recording parameter function repre- 
senting a relationship between a recording velocity for 
recording data to an optical disc and a parameter for 
optimally controlling a recording power controlling 
waveform for controlling a recording power of a light 
beam irradiated to the optical disc for recording the data; 
obtaining an optimal value for the parameter by execut- 
ing a test recording at one recording velocity or at a plu- 
rality of recording velocities to a test area of the optical 
disc before actual data recording to the optical disc; cor- 
recting the recording parameter function in accordance 
with the obtained optimal value for the parameter; de- 
riving the parameter corresponding to a recording ve- 
locity from the corrected recording parameter function; 
and recording the data by irradiating a light beam of the 
recording power controlling waveform to which the ob- 
tained parameter is applied. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is based on Japanese Patent 5 
Application 2002-080962, fiied on March 22, 2002, the 
entire contents of which are incorporated herein by ref- 
erence. 

BACKGROUND OF THE INVENTION 

A) FIELD OF THE INVENTION 

[0002] This invention relates to a technique for record- 
ing data by setting an optimum recording power even if 
a difference in recording velocities of a write-once opti- 
cal disc and a re-writable optical disc is large. 

B) DESCRIPTION OF THE RELATED ART 

[0003] In recent years, a velocity for recording data in 
a constant linear velocity (CLV) recording optical disc 
(hereinafter called just an optica! disc) like a write-once 
optical disc like a rewritable optical disc such as a CD-R, 
a DVD-R and the like and such as a CD-RW, a D VD-RW, 
a DVD- RAM and the like is on the track of high-speed- 
ing. The optical disc is regulated to record data by fixed 
recording density. Therefore, conventionally, the optical 
disc has recorded data by a constant linear velocity 
method (CLV) to record data with fixed transmission ve- 
locity. However, as technological advance, a recording 
method with high recording velocity such as a partial 
constant angular velocity (partial CAV) method, a zone 
constant linear velocity (zone CLV) method and a zone 
constant angular velocity (zone CAV) method has been 
used. 

[0004] FIGs. 8A to 8D show relation charts between 
a radius position and a linear velocity in each recording 
method. In the partial CAV method, as shown in FIG. 
8A, a recording velocity is accelerated by keeping a 
fixed rotation velocity of the disk (constant angular ve- 
locity: CAV) at an inner track side of the disk to be re- 
corded. Then after attaining to the maximum recording 
velocity, recording is executed with a fixed linear velocity 
without interruption/resume of recording. In the zone 
CLV method, as shown in FIG. 8B, an opening from in- 
ner part of the disk to be recorded to an outer track is 
divided to zones (hereinafter called divide), and record- 
ing is executed with fixed velocity in the zones. Then 
interruption/resume of recording is executed for further 
writing by applying a buffer under run protection tech- 
nology in a velocity switching position between zones. 
Moreover, the buffer under run protection technology is 
a technique to prevent occurrence of a buffer under run 
error certainty by pausing writing and waiting recovery 
of a buffer level in a case that writing data amount of 
buffering is below a fixed level, and by accurately start- 
ing further writing from a point paused recording after 



recovery. In the zone CAV method, as shown in FIG. 8C, 
an opening from Inner part of the disk to be recorded to 
an outer track is divided to some zones, and recording 
is executed with fixed angular velocity in the zones. 
Then interruption/resume of recording is executed to 
write further by applying a buffer under run protection 
technology in a velocity switching position between 
zones. 

[0005] Also, as high performance of a spindle motor 
to rotatively drive the optical disc and technological ad- 
vance of data recording to the optical disc, as shown in 
FIG. 8D, a full CAV method (hereinafter called CAV 
method) to record data in a whole area of the optical 
disc with the CAV method becomes to be used for high 
velocity recording. 

[0006] FIG. 9 is a cross sectional view showing an ar- 
ea structure of the CD-R and the CD-RW (hereinafter 
also called CD-R/RW) that are examples of the optical 
discs. As shown in FIG. 9, the CD-R/RW has a diameter 
of 1 20 mm and a thickness of 1 .2 mm. Also, in the CD-R/ 
RW, a section with a diameter from 46 to 50 mm as a 
lead in area and a section with a diameter from 50 to 
118 mm as a program area and a remaining area are 
provided. The program area can record data up to a sec- 
tion with a maximum diameter of 116 mm. 
[0007] There is 2.5 times difference between a length 
of the most inner track in the program area of the CD-R/ 
RW and a length of the most outer track in the program 
area. Also, the CD-R/RW is an optical disc to record data 
by fixed recording density as described before. Theref- 
bre, when the optical disc is recorded with the CAV 
method, there will be 2.5 times difference in data trans- 
mission velocity between the most inner track and the 
most outer track in the program area. Therefore, as re- 
cording velocity is high, an amount of change in the ve- 
locity is large. For example, in the case that recording 
velocity at the most inner track in the program area is 
set to be 4 times speed (x4), recording velocity at the 
most outer track in the program area will be 1 0 times 
speed (x10). On the other hand, in the case that record- 
ing velocity at the most inner track in the program area 
is set to be 16 times speed (x1 6), recording velocity at 
the most outer track in the program area will be 40 times 
speed (x40). 

[0008] When recording in the optical disc is executed 
by the CAV method, an optimum recording power to ir- 
radiate the optical disc needs to be changed sequential- 
ly because the linear velocity changes depending on re- 
cording areas. Therefore, in the conventional optical 
disc recording apparatus, the recording velocity from the 
inner track side to the outer track side is continuously 
fastened, and the recording power of the optical disc to 
which the optical disc is irradiated is increased continu- 
ously to record data. For example, when recording is 
executed by the CAV method, the optimum recording 
power is changed to record according to a linearf unction 
Y=aX+b (Y: recording power, X: recording velocity) as 
a recording power function. 
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[0009] Also, in the conventional optical disc recording 
apparatus, this recording power function is defined by a 
following method. FIGs. 1 0A to 1 0C are character charts 
of the recording power function. When fitting the record- 
ing power function, an optimum character at each re- 
cording velocity by each type of the optical discs is ob- 
tained by experimentation, a slope of the recording pow- 
er function a is fitted by using the average value and a 
approximate value by a least-squares method. In a first 
method, the recording power function is determined in 
accordance with data obtained by performing an OPC 
at, for example, the minimum recording velocity as 
shown in FIG. 1 0A while the optical disc of atype is iden- 
tified when the data is to be recorded. Also, in a second 
method, the recording power function is determined by 
an interpolating/extrapolating linear approximation in 
accordance with data obtained by performing OPCs at 
2 recording velocities as shown in FIG. 10B while the 
optical disc of a type is identified when the data is to be 
recorded. Further, in a third method, the recording pow- 
er function is determined by an interpolating/extrapolat- 
ing linear approximation in accordance with data ob- 
tained by performing OPCs at a minimum recording ve- 
locity and a maximum recording velocity as shown in 
FIG. 10C. 

[001 0] However, in a case that the first method to de- 
fine the recoiding power function is used, an area where 
the power function characteristic is approximately the 
same as the originally suitable value is only in and 
around initial power obtained by the OPCs as shown in 
FIG. 1 0A, and other part is a approximate value. There- 
fore, an optimum value may not be obtained. Also, in a 
case that recording is executed by the CAV method, as 
described before, as a rotation velocity of the optical disc 
is high, as this tendency grows because the difference 
of the recording velocity (amount of velocity change) be- 
tween the inner track side and the outer track side is 
getting large. 

[001 1] Also, in a case that the second method to de- 
fine the recording power function is used, when the dif- 
ference of the recording velocity between two to execute 
the OPC is considerably small, the power function char- 
acteristic being approximately the same as the originally 
suitable value is only in and around initial power ob- 
tained by the OPC as same as the first method, and oth- 
er part is an approximate value. Therefore, an optimum 
value might not be obtained. Also, as described before, 
as a rotation velocity of the optical disc is high, amount 
of velocity change between the inner track side and the 
outer track side is getting large. Therefore, in a case of 
an optical disc that has a test recording area only in an 
inner track side, the difference of the recording velocity 
between two to execute the OPC cannot be enlarged. 
[001 2] For example, in a case that a recording velocity 
(a linear velocity amplification) is a normal speed, a ro- 
tation velocity at the most outer track in the program ar- 
ea Is approximately 200 rpm, and the rotation velocity 
needs to be approximately 500rpm in order to make a 
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linear velocity at the most inner track in the program area 
be same as that at the most outer track. In this case, the 
optical disc can be rotated enough even inner track side. 
On the other hand, in a case that the recording velocity 
s (the linear velocity amplification) is 4B times speed, a 
rotation velocity at the most outer track in the program 
area is approximately 9600 rpm, and the rotation veloc- 
ity needs to be approximately 24000 rpm in order to 
make a linear velocity at the most inner track in the pro- 
10 gram area be same as that at the most outer track. How- 
ever, when the optical disc is rotated with a velocity of 
24000 rpm, there Is every possibility of a self-destruction 
of the optical disc by a self-excited vibration, and it is 
extremely dangerous. Also, the optical disc apparatus 
15 normally does not equip a spindle motor with such a 
high-speed rotation. Therefore, the OPC can be execut- 
ed only at two velocities of an executable recording ve- 
locity in the test recording area in inner track side. 
[0013] Therefore, as same as the problem of the 
above-described first method, the power function char- 
acteristic being approximately the same as the originally 
suitable value is at a velocity obtained the power by the 
OPC or in the velocity of it. As the recording velocity is 
away from the velocity to execute the OPC, an optimum 
recording power will be far different from the value ob- 
tained by the power function obtained by extrapolating 
linear approximation. Therefore, recording with a high 
quality is difficult. 

[0014] Moreover, in a case that the third method to 
define the recording power function, in the optical disc 
that has a inner test recording area and a outer test re- 
cording area, the OPC is executed with a minimum re- 
cording velocity in the inner test recording area, and the 
OPC is executed with a maximum recording velocity in 
the outer test recording area as shown in FIG. 10C. 
Then the recording power function can be obtained by 
an interpolating linear approximation. However, since 
the recording power function is obtained by linear inter- 
polation, as a difference of the recording velocity be- 
tween inner and outer track sides is large, an optimum 
recording power in an intermediate area at a recording 
velocity will be different from an interpolated power. 
Therefore, recording with a high quality is difficult. 
[0015] In addition to the above, in the first to third 
methods, the recording power function is different de- 
pending on a change of an environmental temperature 
around the optical disc and a wave length of a laser light 
beam irradiated to the optical disc. 



[0016] It is an object of the present invention to pro- 
vide an optical disc recording method and an optical disc 
recording apparatus that can record data by setting an 
55 optimum recording power even in the case that a differ- 
ence of the recording velocity between inner and outer 
track sides of a write-once optical disc and a re-writable 
optical disc is large. 
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[0017] According to one aspect of the present inven- 
tion, there is provided an optical disc recording method, 
comprising the steps of: (a) setting a recording param- 
eter function representing a relationship between a re- 
cording velocity for recording data to an optical disc and 
a parameter for optimally controlling a recording power 
controlling waveform for controlling a recording power 
of a light beam irradiated to the optical disc for recording 
the data; (b) obtaining an optimal value for the parame- 
ter by executing a test recording at one recording veloc- 
ity or at a plurality of recording velocities to a test area 
of the optical disc before actual data recording to the 
optical disc; (c) correcting the recording parameterf unc- 
tion in accordance with the obtained optimal value for 
the parameter; (d) deriving the parameter correspond- 
ing to a recording velocity from the corrected recording 
parameter function; and (e) recording the data by irra- 
diating a light beam of the recording power controlling 
waveform to which the obtained parameter is applied. 
[0018] In this structure, a test recording is executed 
in a test area of the optica! disc at one or plurality of the 
recording velocities, and the recording parameter func- 
tion is corrected by an optimum value of the parameter 
obtained by a test recording and the recording velocity. 
Then, a data recording is executed by irradiating a light 
beam with recording power controlling waveform that is 
applied a parameter derived from the corrected record- 
ing parameter function. Therefore, even in the case that 
the difference of the recording velocity is large, data with 
an optimum reproducing signal quality corresponding to 
whatever recording velocity can be obtained. 
[0019] Moreover, parameters in the recording power 
controlling waveform of the light beam are each timing 
of writes strategy, a magnitude of each power, frequency 
and the like. 

[0020] According to another aspect of the present in- 
vention, there is provided an optical disc recording 
method wherein data is recorded to a recording area of 
an optical disc by continuously increasing, from an inner 
track side to an outer track side of the optical disc, a 
recording velocity for recording data and, simultaneous- 
ly, continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording the 
data, the method comprising the steps of: (a) allocating 
a plurality of zones to the recording area of the optical 
disc and assigning a recording power function to each 
zone representing, with a linear function, a relation ship 
of the recording velocity and an optimal value of the re- 
cording power of the light beam; (b) obtaining an optimal 
recording power by executing a test recording to a test 
area of the optical disc at one recording velocity before 
actual recording of data to the optical disc; (c) correcting 
the recording power function in accordance with the ob- 
tained optima! recording power; (d) deriving a recording 
power corresponding to a recording velocity from the 
corrected recording power function; and (e) recording 
the data by irradiating a light beam of the obtained re- 
cording power. 



[0021] In this structure, each recording power function 
assigned to plurality of zones which are allocated in the 
recording area in the optical disc is corrected with an 
optimum recording power obtained by executing the test 

s recording in the test area in the optical disc at one re- 
cording velocity and the recording velocity. Then, a light 
beam powered as an optimum recording power derived 
from each corrected recording power function is irradi- 
ated to execute data recording. Therefore, an optimum 

10 recording powered light beam corresponding to the re- 
cording velocity can be irradiated to record data, and 
data with an optimum reproducing signal quality can be 
obtained even if the difference of the recording velocity 
becomes large. Also, since plurality of zones is allocated 

15 jn the recording area, the difference of the recording ve- 
locity between a minimum recording velocity and a max- 
imum recording velocity in each zone becomes small. If 
the recording power function is set to be a linear func- 
tion, margin of errors will hardly causes, and an optimum 

20 recording power can be obtained. Moreover, since a 
simple linear function control is executed in each zone, 
an apparatus structure will cost less than the conven- 
tional apparatus. 

[0022] According to further another aspect of the 

25 present invention, there is provided an optical disc re- 
cording method wherein data is recorded to a recording 
area of an optical disc by continuously increasing, from 
an inner track side to an outer track side of the optical 
disc, a recording velocity for recording data and, simul- 

30 taneously, continuously strengthening a recording pow- 
er of a light beam irradiated to the optical disc for record- 
ing the data, the method comprising the steps of: (a) al- 
locating a plurality of zones to the recording area of the 
optical disc and assigning a recording power function to 

35 each zone representing, with a linear function, a relation 
ship of the recording velocity and an optimal value of the 
recording power of the light beam and setting a coeffi- 
cient representing a relationship of slopes of the record- 
ing power functions; (b) obtaining an optimal recording 

40 power by executing a test recording to a test area of the 
optical disc at two recording velocities corresponding to 
those of a predetermined zone before actual recording 
of data to the optical disc; (c) correcting the slope of the 
recording power function of the predetermined zone in 

45 accordance with the obtained optimal recording power 
and correcting the slopes of other zones in accordance 
with the corrected recording power function of the pre- 
determined zone and the coefficient; (d) deriving a re- 
cording power corresponding to a recording velocity 

50 from the corrected recording power function; and (e) re- 
cording the data by irradiating a light beam of the ob- 
tained recording power. 

[0023] In this structure, an optimum recording power 
is obtained by executing test recordings in a test area 
55 of an optical disc with two velocities which execute in a 
predetermined zone in plurality of zones allocated in a 
recording area of the optical disc, and a slope of the re- 
cording power function of the zone is corrected, and a 
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slope of the recording power function in each zone is 
corrected based on a preset coefficient. Then a light 
beam powered as an optimum recording power derived 
from the corrected recording power function is irradiated 
to execute data recording. Therefore, an effect that is 
same as (2) can be obtained, and data recording can 
be executed with an optimum recording power corre- 
sponding to a peripheral temperature and change In 
.. wavelength of the light beam because a slope of the re- 
cording power function in each zone is corrected. 
[0024] According to yet another aspect of the present 
invention, there is provided an optical disc recording 
method wherein data is recorded to a recording area of 
an optical disc by continuously increasing, from an inner 
track side to an outer track side of the optical disc, a 
recording velocity for recording data and, simultaneous- 
ly, continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording the 
data, the method comprising the steps of: (a) allocating 
a plurality of zones to the recording area of the optical 
disc and assigning a recording power function to each 
zone representing, with a linear function, a relation ship 
of the recording velocity and an optimal value of the re- 
cording power of the light beam, setting a full recording 
power function representing, with a linear function, a re- 
lationship between two recording velocities that are a 
minimum and a maximum recording velocities in all over 
the recording area and an optimal recording power of 
the light beam and setting a coefficient representing re- 
lationship between a slope of the full recording power 
function and a slope of the recording power function of 
each zone; (b) obtaining an optimal recording power by 
executing a test recording to a test area of the optical 
dis c at the two recording velocities that are the minimum 
and the maximum recording velocities before actual re- 
cording of data to the optical disc; (c) correcting the 
slope of the full recording power function in accordance 
with the obtained optimal recording power and correct- 
ing the slopes of the recording power function of each 
zone in accordance with the corrected full recording 
power function and the coefficient; (d) deriving a record- 
ing power corresponding to a recording velocity from the 
corrected recording power function; and (e) recording 
the data by irradiating a light beam of the obtained re- 
cording power. 

[0025] In this structure, an optimum recording power 
is obtained by executing test recordings in a test area 
of an optical disc at two velocities of a minimum record- 
ing velocity and a maximum recording velocity in a full 
recording area of the optical disc in which a plurality of 
zones are allocated, and a slope of the full recording 
power function of the above full area Is corrected based 
on the obtained optimum recording powers. Also, a 
slope of the recording power function of each zone is 
corrected based on the corrected full recording power 
function and a preset coefficient, and data recording is 
executed based on this recording power function. 
Therefore, an effect that is same as (1 ) can be obtained, 



and an optimum recording power can be obtained be- 
cause a slope of the recording power function in each 
zone is corrected. A large margin of error will not be 
caused in an intermediate area in the recording area, as 
5 it will be by conventional method. 

[0026] According to still another aspect of the present 
invention, there is provided an optical disc recording 
method wherein data is recorded to a recording area of 
an optical disc by continuously Increasing, from an inner 
10 track side to an outer track side of the optical disc, a 
recording velocity for recording data and, simultaneous- 
ly, continuously strengthening a recording power of a 
light beam irradiated to the optica! disc for recording the 
data, the method comprising the steps of: (a) allocating 
15 a plurality of zones to the recording area of the optical 
disc and assigning a recording parameter function to 
each zone representing, with a linear function, a relation 
ship of the recording velocity and a parameter for re- 
cording power controlling waveform of a light beam; (b) 
20 obtaining an optimal value of the parameter by execut- 
ing a test recording to a test area of the optical disc at 
one recording velocity before actual recording of data to 
the optical disc; (c) correcting the recording parameter 
function in accordance with the obtained optimal param- 
25 eter; (d) deriving a parameter corresponding to a record- 
ing velocity from the corrected recording parameter 
function; and (e) recording the data by irradiating a light 
beam of the recording power controlling waveform to 
which the obtained parameter. 
30 [0027] In this structure, each recording parameter 
function assigned to plurality of zones which are allocat- 
ed in the recording area in the optical disc is corrected 
with an optimum parameter value derived from execut- 
ing the test recording in the test area in the optical disc 
35 at a recording velocity and the recording velocity. Then, 
a recording power controlling waveform light beam to 
which the optimum parameter value derived from the 
each corrected recording parameter function is applied 
is irradiated to execute data recording. However, in the 
40 conventional recording method with the CAV method, 
as the maximum recording velocity becomes faster, the 
recording power margin of error becomes larger-be- 
cause the difference of the recording velocity (amount 
of velocity change) between the innertrack side and the 
45 outer track side becomes large, this defect can be im- 
proved. Also, since plurality of zones are allocated in the 
recording area, the difference of the recording velocity 
between the minimum recording velocity and the maxi- 
mum recording velocity in each zone gets small. If the 
50 recording parameter function is set to be a linear func- 
tion, margin of errors will hardly causes, and an optimum 
recording parameter can be obtained. Moreover, data 
can be recorded with more optimum recording quality 
by correcting a part or whole part of a write strategy (a 
55 recording power controlling waveform) by the above 
method. 

[0028] According to further yet another aspect of the 
present invention, there is provided an optical disc re- 
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cording method wherein data is recorded to a recording 
area of an optical disc by continuously increasing, from 
an inner track side to an outer track side of the optical 
disc, a recording velocity for recording data and, simul- 
taneously, continuously strengthening a recording pow- 
er of a light beam irradiated to the optical disc for record- 
ing the data, the method comprising the steps of: (a) al- 
locating a plurality of zones to the recording area of the 
optical disc and assigning a recording parameter func- 
tion to each zone representing, with a linear function, a 
relation ship of the recording velocity and a parameter 
for recording power controlling waveform of a light beam 
and setting a coefficient representing a relationship of a 
slope of the recording parameter function of each zone; 
(b) obtaining an optimal value of the parameter by exe- 
cuting a test recording to a test area of the optical disc 
at two recording velocities corresponding to those of a 
predetermined zone before actual recording of data to 
the optical disc; (c) correcting the slope of the recording 
parameter function of the predetermined zone in ac- 
cordance with the obtained optimal recording power and 
correcting the slopes of the recording parameters of oth- 
er zones in accordance with the corrected recording pa- 
rameter function of the predetermined zone and the co- 
efficient; (d) deriving a parameter corresponding to a re- 
cording velocity from the corrected recording parameter 
function; and (e) recording the data by irradiating a light 
beam of the recording power controlling waveform to 
which the obtained parameter. 

[0029] In this structure, an optimum parameter value 
is obtained by executing a test recording in a test area 
of an optical disc at two velocities which corresponds to 
those in a predetermined zone in plurality of zones allo- 
cated in a recording area of the optical disc, and a slope 
of the recording parameter function of the zone is cor- 
rected, and a slope of the recording parameter function 
in each zone is corrected based on a preset coefficient. 
Then a light beam with a recording power controlling 
waveform to which an optimum parameter value derived 
from the corrected recording parameter function is ap- 
plied is irradiated to execute data recording. Therefore, 
an effect that is same as (3) can be obtained, and data 
can be recorded with more optimum recording quality 
by correcting a part or whole part of a write strategy (a 
recording power controlling waveform) by the above 
method. 

[0030] According to still further another aspect of the 
present invention, there is provided an optical disc re- 
cording method wherein data is recorded to a recording 
area of an optical disc by continuously increasing, from 
an inner track side to an outer track side of the optical 
disc, a recording velocity for recording data and, simul- 
taneously, continuously strengthening a recording pow- 
er of a light beam irradiated to the optical disc for record- 
ing the data, the method comprising the steps of: (a) al- 
locating a plurality of zones to the recording area of the 
optical disc and assigning a recording parameter func- 
tion to each zone representing, with a linear function, a 



relation ship of the recording velocity and a parameter 
for recording power controlling waveform of a light 
beam, setting a full recording parameter function repre- 
senting, with a linear function, a relationship between 

5 two recording velocities that are a minimum and a max- 
imum recording velocities in all over the recording area 
and an optimal value of the parameter for recording 
power controlling waveform of a light beam and setting 
a coefficient representing relationship between a slope" 

10 of the full recording parameter function and a slope of 
the recording parameter function of each zone; (b) ob- 
taining an optimal value of the parameter by executing 
a test recording to a test area of the optical disc at the 
two recording velocities that are the minimum and the 

15 maximum recording velocities before actual recording 
of data to the optical disc; (c) correcting the slope of the 
full recording parameter function in accordance with the 
obtained optimal recording power and correcting the 
slopes of the recording parameter function of each zone 

20 in accordance with the corrected full recording parame- 
ter function and the coefficient; (d) deriving a parameter 
corresponding to a recording velocity from the corrected 
recording parameter function; and (e) recording the data 
by irradiating a light beam of the recording power con- 

25 trolling waveform to which the obtained parameter. 
[0031] In this structure, an optimum parameter value 
is obtained by executing test recordings in a test area 
of an optical disc at two velocities of a minimum record- 
ing velocity and a maximum recording velocity in a full 

30 recording area of the optical disc in which a plurality of 
zones are allocated, and a slope of the full recording 
parameter function of the above full area is corrected 
based on the recording velocity and the optimum pa- 
rameter value. Also, a slope of the recording parameter 

35 function of each zone is corrected based on the correct- 
ed full recording parameter function and a preset coef- 
ficient, Then a light beam with a recording power con- 
trolling waveform to which a parameter value obtained 
by this recording parameter function is applied is irradi- 

40 ated to execute data recording. Therefore, an effect that 
is same as (4) can be obtained, and an optimum record- 
ing power can be obtained because a slope of the re- 
cording power function in each zone is corrected. A 
large margin of error will not be caused in an intermedi- 
ns ate area in the recording area as it will be by conven- 
tional method, and data can be recorded with more op- 
timum recording quality by correcting a part or whole 
part of a write strategy (a recording power controlling 
waveform) by the above method. 

so [0032] According to the present invention, even if the 
difference of the recording velocity is large, data with an 
optimum reproducing quality corresponding to the re- 
cording velocity can be obtained. 
[0033] Also, data can be recorded by irradiating a light 

55 beam with an optimum recording power corresponding 
to a recording velocity, and data with an optimum repro- 
ducing signal quality can be obtained even in a case that 
a difference of the recording velocity becomes larger. 
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[0034] Moreover, since plurality of zones are allocat- 
ed in the recording area, the difference of the recording 
velocity between the minimum recording velocity and 
the maximum recording velocity in each zone gets 
small. Even if the recording power function is set to be 
a linear function, margin of errors will hardly causes, and 
an optimum recording power can be obtained. 
[0035] In addition to that, since a simple linear func- 
tion control is executed in each zone, an apparatus 
structure will be lower cost than the conventional appa- 
ratus. Also, data recording can be executed with an op- 
timum recording power corresponding to a peripheral 
temperature and change in wavelength of the light 
beam. 

[0036] In addition to that, a large margin of error will 
not be caused in an intermediate area in the recording 
area as conventional method, and an optimum record- 
ing power can be obtained. In addition to that, however, 
in the conventional recording method with the CAV 
method, as the maximum recording velocity becomes 
faster, the difference of recording power error becomes 
larger because the difference of the recording velocity 
(amount of velocity change) between the inner track 
side and the outer track side becomes larger, this defect 
can be improved. 

[0037] Also data can be recorded with more optimum 
recording quality by correcting a part or whole part of a 
write strategy (a recording power controlling waveform) 
by the above method. 

[0038] Also, data can be recorded with more optimum 
recording quality by correcting a part or whole part of 
the parameter of a write strategy by the above method. 
[0039] Also, an error from the original optimum re- 
cording power is almost eliminated, and recording can 
be executed with a high precision. Also, since a simple 
linearfunction control is executed, it can preventthatan 
apparatus structure will be higher cost than the conven- 
tional apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

FIG. 1 is a block diagram showing a structure of an 
optical disc recording apparatus according to an 
embodiment of the present invention. 
FIG. 2 is a cross sectional view showing an area 
structure of an optical disc. 
FIG. 3 is a graph showing a relationship between a 
recording velocity and a recording power of each of 
zones allocated in a direction of a radius of an op- 
tical disc. 

FIG. 4 is an example of flow charts for explaining 
an operation of an optical disc recording apparatus 
according to a first embodiment of the present in- 
vention. 

FIG. 5 is a waveform figure of a recording waveform 
and a write strategy processing waveform. 



FIG. 6 is a graph showing a relationship between a 

recording velocity and a recording power. 

FIG. 7 is a graph showing a relationship between a 

recording velocity and a recording power. 

FIG. 8 is a relationship diagram between a radius 

position and a linear velocity in each of recording 

methods. 

FIG. 9 is a cross sectional view showing an area 
structure of a CD-R/RW that is an example of an 
optical disc. 

FIG. 10 is a character chart of a recording power 
function. 



[0041] The present invention can be used for a case 
that data is recorded in a write-once optical disc that can 
record data only once such as CD-R, DVD-R and the 
20 like and a re-writable optical disc that can re-write data 
such as a CD-RW, DVD-RW, DVD+RW, DVD-RAM and 
the like, and the CD-R is used for the below explanation 
as an example. 

[0042] FIG. 1 is a block diagram showing a structure 
25 of an optical disc recording apparatus according to an 
embodiment of the present invention. As shown in FIG.' 
1 , an optical disc recording apparatus 1 equips a feed 
motor 8 and a guide rail 9 which are moving units, an 
optical pick up 10, a spindle motor 11 that is a rotation 
30 unit, a RF amplifier 12, a servo circuit 13, an ATIP de- 
tecting circuit 14, a decoder 15, a controlling unit 16, an 
encoder 17, a strategy circuit 18, a laser driver 19, a 
laser power controlling unit 20, a frequency generating 
device 21 , an envelope detecting circuit 22, a reproduc- 
es jng signal quality detecting circuit unit 24, a storage unit 
25, an operation unit 27, and a displaying unit 28. 
[0043] A feed motor 8 is a motor that supplies a rota- 
tion power for moving an optical pick up 10 in a direction 
of a radius of an optical disc. 
40 [0044] A guide rail 9 supports an optical pick up 1 0 so 
that the optical pick up 1 0 moves in a direction of a radius 
of an optical disc. 

[0045] A spindle motor 11 is a motor that rotates an 
optical disc D that is a target of recording data. Also, on 
45 a tip point of the axis of rotation of the spindle motor 11 , 
an optical disc chucking mechanism (not shown) that is 
consisted of a turn table and the like for chucking an 
optical disc is provided. 

[0046] The optical pick up equips an optical system 
so such as a laser diode, a lens and a mirror, a returning 
light (reflected light) receiving i device, a focus servo 
mechanism and the like. Also, a laser light is irradiate to 
the optical disc D at a time of recording and reproducing, 
and the returning light from the optical disc D is received. 
55 Then the receiving signal, an RF signal that is executed 
an eight to fourteen modulation (EFM), is output to an 
RF amplifier 12. Further, the focus servo mechanism is 
a servo mechanism that keeps a fixed distance between 
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a lens of the optical pickup 10 and a data recording sur- 
face. Also, the optical pick up 1 0 equips a monitor diode, 
and an electric current to be provided to a laser power 
controlling circuit 20 is generated on the monitor diode 
by the returning light of the optical disc D, and amount 
of the laser light is adjusted. 

[0047] The frequency generating device 21 detects a 
signal of a rotation angle and a rotation velocity output 
by the spindle motor 1 1 and outputs a signal for detect- 
ing a rotation angle and a rotation velocity of the optical 
disc to the servo circuit 13. 

[0048] The RF amplifier 12 amplifies an EFM modu- 
lated RF signal provided from the optical pick up 1 0 and 
outputs an amplified RF signal to the servo circuit 13, 
the ATIP detecting circuit 14, the envelope detecting cir- 
cuit 22, the reproducing signal quality detecting circuit 
unit 24 that measures a reproducing signal quality, and 
the decoder 15. 

[0049] The decoder 15 executes EFM demodulating 
of EFM modulated RF signal provided from the RF am- 
plifier 1 2 to generate reproducing data and output to a 
storage unit 25. Also, at a time of data recording, the 
decoder 15 executes EFM demodulation ofthe RF sig- 
nal provided from the RF amplifier 12 when an area re- 
corded by a test recording is reproduced. 
[0050] In an optical disc recording/reproducing appa- 
ratus 1 according to the embodiment of the present in- 
vention, a test recording is executed in a PC A area on 
an inner track side ofthe optical disc D before an actual 
recording. The optical disc recording apparatus 1 ob- 
tains a recording condition that can execute a satisfac- 
tory recording to the optical disc D based on the repro- 
ducing result of the area recorded this test. 
[0051] Here, an area in which a test recording of the 
optical disc D is executed is explained by using FIG. 2. 
FIG. 2 is a cross sectional view showing an area struc- 
ture of an optical disc. The optical disc D is an external 
diameter of 1 20 mm, and a section of a diameter of the 
optical disc D of 46 to 50 mm is provided as a lead in 
area 114, and a program area 118 and a remaining area 
120 are provided in the outer track side for recording 
data. On the other hand, in the inner track side of the 
lead in area 114, an inner PCA area 112 is provided. 
Also, the inner PCA area 112 is divided into a test area 
1 1 2a and a counting area 1 1 2b. At a time of data record- 
ing, a test recording is executed in this test area 112a 
before an actual recording. In the test area 1 1 2a, an area 
to which a plurality of the test recordings can be execut- 
ed for obtaining parameters of an optimum writing power 
or an optimum writing strategy is provided. Also, in the 
counting area 112b, an EFM signal representing a por- 
tion of the test area 112a where the test recording has 
already executed is recorded at a time of an end of the 
test recording. Therefore, when a test recording is exe- 
cuted on this optical disc D next time, a position of the 
test area 112a where the next test recording should be 
started can be known by detecting the EFM signal in the 
count area 112b. 



[0052] Moreover, at the outer track side of the remain- 
ing area 120, an outer PCA area 113 is provided. Also, 
the outer PCA area 113 is divided into a test area 113a 
and a counting area 113b. In this test area 113a, a test 
5 recording is executed before an actual recording as de- 
scribed before. In the test area 113a, an area to which 
a plurality of the test recordings can be executed is pro- 
vided. Also, in the counting area 113b, an EFM signal 
representing a portion of the test area 113a where the 
io test recording has already executed is recorded at a 
time of an end of the test recording. Therefore, when a 
test recording is executed on this optical disc D next 
time, a position of the test area 1 1 3a where the next test 
recording should be started can be known by detecting 
15 the EFM signal in the count area 11 3b. 

[0053] In the optical disc recording apparatus 1 ac- 
cording to the embodiment of the present invention, a 
test recording is executed in the above test area 112a 
and the test area 113a before an actual recording. 
20 [0054] Back to FIG. 1 , the storage unit 25 temporarily 
stores reproducing data ofthe optical disc D output from 
the decoder 15 and data input from an outside of the 
optical disc recording apparatus 1 . Then stored data is 
output to a data reproducing unit (not shown in the draw- 
ls ing) at a time of reproducing and to the encoder 1 7 at a 
time of recording data in an optical disc for recording. 
[0055] The ATIP detecting circuit 1 4 extracts a wobble 
signal component from the EFM signal provided from 
the RF amplifier*^ and demodulates time information 
30 (address information) of each position contained in this 
wobble signal component, identification information 
(disk ID) to identify the optical disc and information that 
indicates disk type such as dye type of the disk to output 
to the controlling unit 1 6. The wobble signal component 
35 is a signal component representing a wobbling frequen- 
cy of a wobbled track for recording of the optical disc for 
recording, and time information and identification infor- 
mation are recorded by FM modulating of the wobbling 
frequency with them. 
40 [0056] The reproducing signal quality detecting circuit 
unit 24 calculates p from and asymmetry of the RF signal 
provided from the RF amplifier as a parameter pertinent 
to reproducing signal quality when the test recording ar- 
ea of the optical disc D is reproduced and output the 
45 calculated result to the controlling unit 1 6. The p can be 
calculated by an equation, p=(a+b)/{a-b), where "a" is a 
peak level (a positive value) of the EFM modulated sig- 
nal wave, and "b M is a bottom level (a negative value). ] 
[0057] The envelope detecting circuit 22 detects an 
so envelope ofthe EFM signal in the count areas 112b and 
113b of the above-described optical disc D in order to 
decide a point of the test area 1 1 2a from where the test 
recording should be started in the test area ofthe optical 
disc D before actually starting the test recording to the 
55 optical disc D. 

[0058] The servo circuit 13 executes rotation control 
of the spindle motor! 1 , focus control and tracking con- 
trol of the optical pick up 10, and a sending control of 
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the feed motor 9. In the optical disc recording apparatus 
1 according to the embodiment of the present invention 
can switch a CAV method and a CLV method when re- 
cording. The servo circuit 13 changes the CAV method 
and the CLV method according to the controlling signal 
provided from the control unit 16. In the CAV control, the 
servo circuit 13 controls a rotation velocity of the spindle 
motor 11 detected by the frequency-generating device 
21 to be agreed with the pre-determined rotation veloc- 
ity. In the CLV control, the servo circuit 13 controls the 
spindle motor 11 to make a wobble signal that is sup- 
plied from the RF amplifier be a set linear velocity. 
[0059] The encoder 17 executes EFM modulation to 
the recording data provided from the storage unit 25 and 
outputs to the strategy circuit 1 8. The strategy circuit 1 8 
executes a time axis correction to the EFM signal from 
the encoder 17 and outputs to the laser driver 19. The 
laser driver 1 9 drives laser diode of the optical pick up 
1 0 according to the modulated signal provided from and 
modulated by the strategy circuit 18 according to the 
EFM signal and the controlling signal of the laser power 
controlling circuit 20. 

[0060] The laser power controlling circuit 20 outputs 
a signal that controls power of the laser light (light beam) 
irradiated from the laser diode of the optical pick up 10 
to the laser driver 1 9. Concretely, the laser power con- 
trolling circuit 20 outputs a controlling signal to the laser 
driver 19 so that laser light with a most optimum laser 
power irradiated from the optical pick up 10 based on 
electric current value provided from the monitor diode 
of the optical pick up 10 and information representing a 
target value of an optimum laser power provided from 
the controlling unit 16. 

[0061] The controlling unit 16 is consisted of a CPU, 
a ROM, a RAM and the like and controls each part of 
the optical disc recording apparatus 1 in accordance 
with a program stored in the ROM. The controlling unit 
1 6 controls each part of the apparatus to execute test 
recording to a predetermined area of the optical disc D 
assigned to the optical disc recording apparatus before 
an actual recording of data as described in the above. 
Then, the controlling unit 16 executes a recording ve- 
locity judging process that obtains a recordable velocity 
of satisfactory recording without recording error to the 
optical disc D to which the optical disc recording appa- 
ratus 1 executes test recording by obtaining a relation- 
ship between the reproducing signal quality parameter 
and an apparatus recording parameter (recording con- 
dition) based on the reproducing signal quality such as 
the {J value detected by the signal quality detecting cir- 
cuit 24 from the signal obtained at a time of reproducing 
area executed the above test recording. 
[0062] The storage unit 25 stores data obtained by an 
experiment and the like, a changing rate and a slope of 
change in a recording power function, y-intercept and 
the like. The operation unit 27 operates for selecting and 
inputting parameter representing the reproducing signal 
quality. The displaying unit 28 displays the reproducing 



signal quality of data recorded in the optical disc and the 
(ike. 

[0063] The optical disc recording apparatus 1 with the 
above structure executes the following process for re- 
s cording data with a recording power of an optimum light 
beam (a laser light) corresponding to the recording ve- 
locity. FJG. 3 is a graph showing a relationship between 
a recording velocity and a recording power of each of 
zones allocated in a direction of a radius of an optical 
10 disc. First, the optical disc recording apparatus 1 allo- 
cates a plurality of zones with predetermined width in a 
recording area to be recorded data with a CAV method 
(includes a CAV method part of a partial CAV method. 
Hereinafter the same). An allocating condition of zones 
is with a predetermined width in the recording area may 
be changed corresponding to the recording velocity to 
the optical disc. 

[0064] Also, a recording power function that repre- 
sents a relationship between the recording velocity and 
the optimum recording power by each zone is assigned 
by executing the OPC in advance with a recording ve- 
locity corresponding to each zone by an experiment. 
The experiment to obtain the recording power function 
may be executed in the test area or the data recording 
area. Also, a recording power function assigned to each 
zone can be set to cross with an adjacent recording pow- 
er function of the zone. So that a full recording power 
function in all overthe recording area is defined zone by 
zone. 

[0065] Next, when data is recorded, the optical disc 
recording apparatus 1 executes the test recording in the 
test area of the optical disc with a recording velocity cor- 
responding to that in one zone that is selected from the 
recording velocity to be executed in plurality of zones 
before an actual writing to obtain an optimum recording 
power. Then, the recording power function of the select- 
ed zone, that is, selected based on this recording veloc- 
ity and the optimum recording power at this velocity, is 
corrected and a recording power function of other zone 
is corrected. Then, when data (an actual data) is record- 
ed, recording is executed in accordance with the opti- 
mum recording power obtained by the corrected record- 
ing power function of each zone. 
[0066] Since recording power function of all recording 
area is set to cross the recording power function of each 
zone at the edge of the zone with an adjacent recording 
power function as. described before, it is easy that the 
recording power function of other zone is corrected 
based on the recording power function of one zone. 
Therefore, correction of the recording power function of 
other zone may be executed at a time of correction of 
the recording power function of the selected zone or at 
a time of data recording. 

[0067] However, by executing these methods, in the 
conventional recording method with the CAV method, 
as the maximum recording velocity becomes faster, the 
difference of the recording velocity (amount of velocity 
change) becomes larger, and a margin of error of the 
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recording power becomes small, this defect can be im- 
proved by executing these methods, and data can be 
recorded with an optimum recording power at each re- 
cording velocity. 

[0068] In the present invention, width of each zone is 
narrower than the all recording area, and the difference 
of the recording velocity between the minimum record- 
ing velocity and the maximum recording velocity of each 
zone is small. An optimum recording power can be ob- 
tained without having an error from the optimum value 
even if the recording power function of each zone is set 
to be a linear function. Therefore, the recording power 
function to be obtained by executing the experiment in 
advance may preferably be set to be a linear function. 
Also, since a simple linear function control is executed 
in each zone, an apparatus structure will be lower cost 
than the conventional apparatus. Moreover, when a 
width of a zone to be allocated in the recording area is 
narrowed to increase the number of zones, recording 
with a high precision can be realized. 
[0069] Further, in the optical disc apparatus 1, a 
changing rate (it may be called a slope when it is a linear 
function) in the recording power function assigned to 
each zone is preferably descending toward the outer 
track side zone of an optical disc because as the record- 
ing velocity becomes faster, an amount of change (an 
amount of increase) in the optimum recording power 
gets small. Therefore, by choosing the changing rate as 
the above, a margin of error from the original optimum 
recording power is almost eliminated, and recording 
with a high precision can be realized. 
[0070] Next, an operation of the optical disc recording 
apparatus 1 according to the first embodiment of the 
present invention is explained with examples by using 
FIGS. 3 and 4. FIG. 4 is an example of flow charts for 
explaining an operation of an optical disc recording ap- 
paratus according to a first embodiment of the present 
invention. 

[0071] The optical disc recording apparatus 1 can 
record data in plural types of the optical discs. As shown 
in FIG. 3, a recording velocity can continuously be 
changed from 1 6x speed to 48x speed as an example. 
Ajso, for an easiness of the explanation, the optical disc 
recording apparatus 1 executes recording with 16x 
speed at a most inner track of a recording area and 48x 
speed at a most outer track of a recording area, and a 
recording velocity is changed linearly from the most in- 
ner track to the most outer track. The optical disc record- 
ing apparatus 1 executes processes in the below in ad- 
vance. First, 4 zones are allocated in the recording area 
of the optical disc. The difference of the recording ve- 
locity (amount of velocity change) between the minimum 
recording velocity and the maximum recording velocity 
of each zone is 8x speed. That is, the recording velocity 
changes from 1 6x speed to 24x speed in a first zone 
(zone 1), 24x speed to 32x speed in a second zone 
(zone 2), 32x speed to 40x speed in a third zone (zone 
3) , and 40x speed to 48x speed in a fourth zone (zone 4) . 



[0072] Then the optical disc recording apparatus 1 ob- 
tains an optimum recording power by executing an OPC 
with a recording velocity at an edge of each zone in order 
to obtain a recording power function of each zone. That 
5 is, an optimum recording power is obtained with five ve- 
locities of 1 6x speed, 24x speed, 32x speed, 40x speed 
and 48x speed, and a linear function is obtained as a 
recording power function of each zone. The recording 
power function s assigned to each-zone are Y=a 1 X+b 1 
10 in zone 1 , Y=a2X+b 2 in zone 2, Y=a 3 X+b 3 in zone 3, and 
Y=a 4 X+b 4 in zone 4, and slopes a 1 to a 4 are fixed val- 
ues. Temporal values are obtained for y-intercepts b t to 
b 4 , and they are corrected at a time of recording to de- 
cide finally. These set recording power function s are 
is stored in a storage unit 25. Since the recording power 
function s are set by executing the OPC at the recording 
velocity at each edge, the recording power function s 
assigned to each zone cross with a recording power 
function of an adjacent zone at a recording velocity at 
the edge of each zone. Moreover, the optical disc re- 
cording apparatus 1 can record data in plural types of 
the optical discs, and the storage unit 25 stores data 
concerning to the recording power function s assigned 
to each zone by type of the optical disc. Moreover, data 
concerning to the recording power function s assigned 
to each zone may be operated as, for example, a 
firmware. 

[0073] A procedure to record data in an optical disc 
(for example, a CD-R) by an optical disc recording ap- 
paratus 1 is as follows. First, a user sets the CD-R for 
recording data in the optical disc recording apparatus 1 , 
and executes an operation for recording data in the op- 
eration unit 27. A controlling unit 16 executes an auto- 
matic configuration of a servo in order to judge a type of 
the set optical disc for recording, and outputs predeter- 
mined signals to each of a servo circuit 1 3, a laser power 
controlling circuit 20 and an encoder 17 (s1). When 
these signals are output, an optical pick up 1 0 moves to 
a predetermined position and irradiates a laser light (a 
light beam) to the optical disc for recording. A receiving 
device of the optical pick up 1 0 receives a returning light 
of the irradiated light and outputs an electrical signal cor- 
responding to an amount of light received to a RF am- 
plifier 12. The RF amplifier 12 amplifies this signal to 
output to an ATIP detecting circuit 14, and ATiP infor- 
mation (identification information of the optical disc and 
the like) Is detected in the ATIP detecting circuit 14 to 
output to a controlling unit 16 (s2). The controlling unit 
1 6 judges a type of the optical disc based on this signal, 
and reads data pattern of an apparatus recording pa- 
rameter from the storage unit 25 (s3). 
[0074] Then, the controlling unit 1 6 sets an apparatus 
recording parameter concerning to a reproducing signal 
quality based on this data (s4). Next, the controlling unit 
1 6 outputs predetermined signals to the servo circuit 13, 
laser power controlling circuit 20 and the encoder 17 in 
order to execute the OPC at one velocity, and a test re- 
cording of test recording data is executed to a PCA (s5). 
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Moreover, the OPC is executed with 16x speed that is 
an initial recording velocity. 

[0075] Next, the controlling unit 1 6 makes the optical 
pick up irradiate a laser light in order to reproduce the 
test-recorded region. The returning light is received by s 
the receiving device of the optical pick up 10 and con- 
verted to an electrical signal to output to the RF amplifier 
12. The RF amplifier 12 outputs the amplified signal to 
a signal quality detecting circuit 24 (s6). The signal qual- 
ity detecting circuit 24 outputs a signal concerning to a 10 
signal quality of the reproducing signal to the controlling 
unit 1 6, and the controlling unit 1 6 sets an optimum laser 
power based on the signal output from the signal quality 
detecting circuit24and the like. Also, the recording pow- 
er function of zone 1 (n zone: an initial value n=1 ) is cor- is 
rected by using the set optimum laser power and the 
recording velocity. That is, y-intercept b 1 of the recording 
powerfunction of zone 1 Y=a 1 X+b 1 is obtained. Then the 
controlling unit 1 6 outputs data to be recorded in the op- 
tical disc for recording output from a host apparatus (not 20 
shown in the figure) (s7). This data is irradiated as a 
laser light from the optical pick up 1 0 via an encoder 1 7, 
a strategy circuit 18 and a laser driver 19, and data is 
recorded in zone 1 of the optical disc (s8). At this time, 
a laser power controlling circuit 20 controls the laser 25 
driver 19 so that a light beam of the laser power in ac- 
cordance with the recording power function of zone 1 , 
Y=a 1 X+b 1( is irradiated from the optical pick up. 
[0076] The controlling unit 1 6 judges whether there is 
data to record in a next zone (n+1 zone) or not when 30 
data- recording advances in zonel and approaches at 
an edge of zone 1 (s9). In a case that data-recording 
follows, n=n+1 (s1 0), and a recording power function of 
zone 2 (zone n) read from the storage unit 25 is correct- 
ed from a recording velocity and a recording power at 35 
that time (at the time of recording to the edge of zone 1 
and zone 2). That is, y-intercept b 2 of the recording pow- 
er function of zone 2Y=a 2 X+b 2 is obtained. Then the 
controlling unit 1 6 outputs data to be recorded in the op- 
tical disc for recording output from a host apparatus (not 40 
shown in the figure) (s7). This data is irradiated as a 
laser light from the optical pick up 1 0 via an encoder 1 7, 
a strategy circuit 18 and a laser driver 19, and data is 
recorded in the optical disc (s8). At this time, a laser 
power controlling circuit 20 controls the laser driver 1 9 45 
so that a light beam of the laser power in accordance 
with the recording power function of zone 2, Y=a 2 X+b 2 , 
is irradiated from the optical pick up. The controlling unit 
1 6 judges whether there is data to record in a next zone 
(n+1 zone) or not when data-recording advances in so 
zone 2 and approaches at an edge of zone 2 (s9). 
[0077] As doing the above, the same processes are 
repeated in zone 3 and zone 4. Then, when data is re- 
corded at an edge of zone 4, and when data-recording 
is completed, the optical disc recording apparatus 1 55 
makes a displaying unit 28 display that data-recording 
has completed (s11) to finish recording process be- 
cause there is no more data to record (s9). 



[0078] In the above embodiment 1 -1 , a method to 
record data with an optimum recording quality by obtain- 
ing an optimum recording power of a light beam corre- 
sponding to a recording velocity based on a recording 
power-function is explained. The optical disc recording 
apparatus 1 can realize a method to record data with an 
optimum recording quality by obtaining a recording pow- 
er controlling waveform (write strategy) 30 of a light 
beam, and this method is explained in the present em- 
bodiment. 

[0079] FIG. 5 is a waveform figure of a recording 
waveform and a write strategy processing waveform. In 
order to record a recording waveform (EFM) shown in 
FIG. 5A in an optical disc, conventionally, a laser power 
control is executed with a write strategy with a waveform 
shown in FIG. 5B and FIG. 5C. Also, materials of the 
optical discs are different depending on types of the op- 
tical discs, and an optimum recording power is also dif- 
ferent corresponding to that. Therefore, the convention- 
al optical disc recording apparatus controls the laser 
power with write strategy that is different corresponding 
to the optical disc. 

[0080] Also, when the conventional optical disc re- 
cording apparatus controls the laser power with a write 
strategy as a write strategy processing waveform 31 
(hereinafter called a waveform 31) of write-once type 
and a mono-pulse type shown in FIG. 5B, each param- 
eter of the waveform 31 is set to be an appropriate value. 
That is, the conventional optical disc recording appara- 
tus sets parameters such as a laser light irradiating start- 
ing timing a, a powered pulse height b, a powered pulse 
ending timing c, a recording power height d, a recording 
pulse ending timing e, an off pulse process ending tim- 
ing f and the like to be appropriate values corresponding 
to types of the optical discs, and obtains a signal with 
an optimum recording quality. 

[0081] Also, when the conventional optical disc re- 
cording apparatus controls the laser power with a write 
strategy such as a write strategy processing waveform 
32 (hereinafter called a waveform 32) of an erasable 
type and a multi-pulse type shown in FIG. 5C, it sets 
each parameter of the waveform 32 to be an appropriate 
value. That is, the conventional optical disc recording 
apparatus sets parameters such as an erasing power 
height g, a first pulse starting timing h , a first pu Ise power 
height i, a first pulse ending timing j, a following pulse 
power height k, a following pulse frequency I, a last 
pulse ending timing m and the like to be appropriate val- 
ues corresponding to types of the optical discs, and ob- 
tains a signal with an optimum recording quality. 
[0082] An optical disc recording apparatus 1 accord- 
ing to the present embodiment allocates zones with a 
predetermined width in a recording area to execute da- 
ta-recording with a CAV method as same as an optical 
disc recording apparatus according to the embodiment 
1 -1 . Also, an OPC is executed with a recording velocity 
corresponding to each zone by an experiment in ad- 
vance, and recording parameter function s represent re- 
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lationships between the recording velocity and a param- 
eter of a write strategy are set by each zone. By that, a 
full recording parameter function of all recording area 
can be defined zone by zone. The experiment for ob- 
taining the recording parameter function s may be exe- 
cuted in a test area or in a data recording area. Also, the 
recording parameter function s assigned to each zone 
that is allocated in the recording area of the optical disc 
is set to cross with a recording parameter function of an 
adjacent zone at a time of a recording velocity at an edge 
of the zone. 

[0083] When the optical disc recording apparatus 1 
records data, it obtains an optimum value of the param- 
eter by executing test recording in a test area of the op- 
tical disc at one recording velocity corresponding to that 
in one zone chosen from a plurality of zones before an 
actual writing. Then, the recording power function of the 
zone selected based on this recording velocity and the 
optimum recording power is corrected and a recording 
power function of other zone is corrected. Then, when 
data (an actual data) is to be recorded, recording is ex- 
ecuted in accordance with the optimum recording power 
derived from the corrected recording power function of 
each zone. 

[0084] However, in the conventional recording meth- 
od with the CAV method, as the maximum recording ve- 
locity becomes larger, the difference of the recording ve- 
locity (amount of velocity change) becomes larger, but 
this defect can be improved by executing these meth- 
ods. Also, data can be recorded with more optimum re- 
cording quality than that of the embodiment 1 -1 by cor- 
recting a part or all parameter of the write strategy by 
the above method. 

[0085] Here, the recording parameter function to be 
obtained by executing the experiment in advance may 
preferably be set to be a linear function as same as the 
recording power function according to the embodiment 
1 -1 . Further, a changing rate in the recording parameter 
function set to each zone is preferably descending to- 
ward the outer track side zone of an optical disc. The 
ground of descending is omitted because it is same as 
the embodiment 1-1 . 

[0086] Next, an operation of the optical disc recording 
apparatus in an embodiment 1-2 according to the first 
embodiment of the present invention is explained. In an 
explanation of a below operation, a case that a recording 
power height d of a waveform 31 is controlled as same 
as FIG. 3 is explained. An operation of the optical disc 
recording apparatus 1 according to the embodiment of 
the present invention is same as an operation wherein, 
for example, the recording power of the embodiment 1 -1 
is defined as the recording power height d of the wave- 
form shown in FIG. 4 by reading the explanation of the 
operation in the embodiment 1 -1 with the below, and the 
explanation is omitted. 

[0087] That is, by reading "a recording power 
function " with "a recording parameter function "a op- 
timum laser power" with "an optimum value of the pa- 



rameter", "a light beam according to a recording power 
function M with "a light beam of write strategy adapted a 
parameter according to a recording parameter 
function " t etc., an explanation of an operation in the em- 
5 bodiment 1-1 is a same explanation as the recording 
power in the embodiment 1-1 to be a recording power 
height d in the waveform 31 shown in FIG.4. 
[0088] However, a method to record data with an op- 
timum recording quality- by obtaining an optimum re- 
10 cording power of a light beam corresponding to a re- 
cording velocity based on a recording power function in 
the embodiment 1 -1 is explained, the recording power 
function represent a relationship between the recording 
velocity and the recording power of the light beam. Also, 
is the recording power is one of parameters of the record- 
ing power controlling waveform (the write strategy) of 
the light beam explained in the embodiment 1 -2. There- 
fore, the embodiment 1-1 is a method to record data with 
an optimum recording quality by obtaining a function 
concerning to the recording power that is one of param- 
eters of the recording power controlling waveform (the 
write strategy) of the light beam explained in the embod- 
iment 1-2. 

[0089] Next, an operation of the optical disc recording 
apparatus according to the second embodiment of the 
present invention is explained. An optical disc recording 
apparatus 2 according to a second embodiment of the 
present invention has a same structure as the optical 
disc recording apparatus 1 according to the first embod- 
iment of the present invention, and details of the struc- 
ture will be omitted. 

[0090] FIGs. 6A and 6B are graphs, each showing a 
relationship between a recording velocity and a record- 
ing power. An optical disc recording apparatus 2 with a 
structure as the above allocates zones with a predeter- 
mined width in a recording area when data-recording is 
executed with a CAV method as same as an optical disc 
recording apparatus 1 . Also, an OPC is executed with 
a recording velocity corresponding to each zone by an 
experiment in advance, and an optimum recording pow- 
er is obtained to obtain a recording power function s. 
These are executed by type of the optical discs, and they 
are stored in a storage unit 25 in the optical disc record- 
ing apparatus 2. The experiment for obtaining the re- 
cording power function s may be executed in a test area 
or in a data recording area. Also, the recording param- 
eter function s assigned to each zone that is allocated 
in the recording area of the optical disc is set to cross 
with a recording parameter function of an adjacent zone 
at a time of a recording velocity at an edge of the zone. 
[0091] Further, in the optical disc apparatus 2, a 
changing rate in the recording power function set to 
each zone is preferably descending toward' the outer 
track side zone of an optical disc. Therefore, by choos- 
ing the changing rate as the above, a margin of error 
from the original optimum recording power is almost 
eliminated, and recording with a high precision can be 
realized. 
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[0092] A coefficient is assigned to order to obtain a 
recording power function of other each zone based on 
a recording power function in a predetermined zone. 
The coefficient of each zone may be, for example, a co- 
efficient to a changing rate (a slope) in the recording 
power function in one zone as shown in FIG. 6A. 
[0093] Moreover, when data is recorded, test record- 
ing is executed in a test area in the optical disc at two 
velocities corresponding to those in one of the plurality 
of the zones (a predetermined zone) before an actual 
data-recording to obtain an optimum recording power. 
Further, A minimum recording velocity and a maximum 
recording velocity are ideal for two velocities in the 
above predetermined zone. Also, the test recording can 
be performed to the inner PCA area or the outer PCA 
area selectively in accordance with the recording veloc- 
ity. 

[0094] Then, a changing rate in the recording power 
function in the zone and other zone with the obtained 
optimum recording power is corrected based on the co- 
efficient to the changing rate (a slope) in the recording 
power function in the predetermined zone. Moreover, 
this correction may be executed in advance or during 
recording data based on the recording power at the 
edge of the zone. Then, when data (an actual data) is 
recorded, recording is executed in accordance with the 
optimum recording power obtained by the corrected re- 
cording power function of each zone. 
[0095] However, by executing these methods, in the 
conventional recording method with the CAV method, 
as the maximum recording velocity becomes faster, the 
difference of the recording velocity (amount of velocity 
change) becomes larger, and an error of the recording 
power becomes larger, this defect can be improved by 
executing these methods, and data can be recorded 
with an optimum recording power at each recording ve- 
locity. 

[0096] Here, the recording power function to be ob- 
tained by executing the experiment in advance may 
preferably be set to be a linear function. In the conven- 
tional method, since the difference in the recording ve- 
locity is large, margin of error is also large. In the second 
embodiment of the present invention, since a width in 
each zone is narrower than that of the whole recording 
area, the difference in the recording velocity between 
the minimum recording velocity and the maximum re- 
cording velocity of each zone is small. Therefore, an op- 
timum recording power can be obtained without a prob- 
lem even if the recording power function of each zone 
is set to be a linear function. Also, since a simple linear 
function control is executed in each zone, an apparatus 
structure will be lower cost than the conventional appa- 
ratus. Moreover, when a width of a zone to be allocated 
in the recording area is narrowed to increase the number 
of zones, recording with a high precision can be real- 
ized. 

[0097] Also, in the second embodiment of the present 
invention, since the OPC is executed at two velocities 
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corresponding to those in a predetermined zone, a 
changing rate in the recording power function (a slope 
in a case of a linear function) in the zone can easily be 
calculated. That is, the changing rate in the recording 
5 power function is different depending on a wave length 
of the light beam that is irradiated to the optical disc, a 
peripheral temperature, a type of the optical disc, dis- 
persion of the optical disc recording apparatus and the 
like. Therefore, data in each zone is obtained with the 

io above conditions in advance; the dispersion by the 
above conditions can be prevented by executing the 
OPC at two velocities to obtain the slope of the recording 
power function for the zone. For example, as shown in 
FIG. 6B, a dispersion of the recording quality by the dis- 

15 persion of the peripheral temperature can be prevented 
by obtaining relationships between the recording veloc- 
ity at low, normal, and high temperatures and a record- 
able power in each zone according to the peripheral 
temperature. , 

20 [0098] Further, in the optical disc apparatus 2, a 
changing rate in the recording power function set to 
each zone is preferably descending toward the outer 
track side zone of an optical disc because as the record- 
ing velocity becomes faster, an amount of change (an 

25 amount of increase) In the optimum recording power 
gets small. Therefore, by choosing the changing rate as 
the above, an error from the original optimum recording 
power is almost eliminated, and recording with a high 
precision can be realized. 

30 [0099] Next, an operation of the optical disc recording 
apparatus 2 according to the second embodiment of the 
present invention is explained with examples by using 
FIGS. 6A and 4. Different points from the operation of 
the optical disc recording apparatus according to the 

35 first embodiment of the present invention are mainly ex- 
plained. 

[0100] The optical disc recording apparatus 2 can 
record data in plural types of the optical discs, and a 
recording velocity can continuously be changed from 

40 1 6x speed to 48x speed as an example as same as the 
optical disc recording apparatus 1 . Also, 4 zones are al- 
located in the recording area of the optical disc. The dif- 
ference of the recording velocity between the minimum 
recording velocity and the maximum recording velocity 

45 of each zone is 8x speed. That is, the recording velocity 
changes from 16x speed to 24x speed in a first zone 
(zone 1), 24x speed to 32x speed in a second zone 
(zone 2), 32x speed to 40x speed in a third zone (zone 
3), and 40x speed to 48x speed in a fourth zone (zone 4). 

50 [0101] Then, in the optical disc recording apparatus 
2, an optimum recording power is obtained by executing 
an OPC at 5 recording velocities in order to obtain a re- 
cording power function for each zone. That is, an opti- 
mum recording power is obtained at five velocities of 1 6x 

55 speed, 24x speed, 32x speed, 40x speed and 48x 
speed, and a linear function is obtained as a recording 
power function of each zone. Also, slopes of the record- 
ing power function s in zones 2 to 4 is set to be able to 
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be obtained from a coefficient to a slope of the recording 
power function in zonel which is a predetermined zone. 
That is, the recording power function s assigned to each 
zone are Y=a l X+b 1 in zone 1 , Y=0.8a 1 X+b 2 in zone 2, 
Y=0.7a 1 X+b 3 in zone 3, and Y=0.6a^X-^> 4 in zone 4. 
These set recording power function s are stored in a 
storage unit 25. Moreover, the optical disc recording ap- 
paratus 2 can record data in plural types of the optical 
discs, and the storage unit 25 stores data concerning to 
the recording power function s assigned to each zone 
by type of the optical disc. 

[0102] When data is recorded in an optical disc (for 
example, a CD-R) by the optical disc recording appara- 
tus 2, processes from Steps s1 to s4 are executed as 
same as the optical disc recording apparatus 1 . Next, 
the controlling unit 16 outputs predetermined signals to 
the servo circuit 13, laser power controlling circuit 20 
and the encoder 17 in order to execute the OPC at two 
velocities, and a test recording of test recording data is 
executed to a PCA (s5). Moreover, the OPC is executed 
at 16x speed that is a minimum recording velocity and 
24x velocity that is a maximum recording velocity. 
[0103] Next, the controlling unit 16 reproduces the 
test-recorded point. The returning light is received by 
the receiving device of the optical pick up 10 and con- 
verted to an electrical signal. The RF amplifier 1 2 out- 
puts the amplified signal to a signal quality detecting cir- 
cuit 24 (s6). The controlling unit 1 6 sets an optimum la- 
ser power based on the signal output from the signal 
quality detecting circuit 24 and the like. Also, the record- 
ing power function of zone 1 (n zone: an initial value 
n=1 ) is corrected by using the set optimum laser power 
and the recording velocity. That is, a slope a 1 and y-in- 
tercept b 1 of the recording power function of zone 1 
Y=a 1 X+b 1 is obtained. Then the controlling unit 16 out- 
puts data to be recorded in the optical disc for recording 
output from a host apparatus (not shown in the figure) 
(s7). Moreover, in zones 2 to 4, coefficients of slopes 
are read from the storage unit, and a slope is a value 
that is multiplied the coefficient on the slope a 1 of the 
recording power function Y=a 1 X+b 1 . Also, y-intercepts 
b 2 to b 4 is obtained from the recording power values at 
a maximum recording velocity of a prior zone. 
[0104] This data is irradiated as a laser light from the 
optical pick up 1 0 via an encoder 1 7, a strategy circuit 
1 8 and a laser driver 19, and data is recorded in zone 1 
of the optical disc (s8). At this time, a laser power con- 
trolling circuit 20 controls the laser driver 19 so that a 
light beam of the laser power in accordance with the re- 
cording power function of zone 1 , Y=a 1 X+b 1 , is irradiat- 
ed from the optical pick up. 

[0105] The controlling unit 16 judges whether there is 
data to record in a next zone (n+1 zone) or not when 
data- recording advances in zonel and approaches at 
an edge of zone 1 (s9). Then, same processes are re- 
peated in zones 2 to 4 (s7 to s10). Then, when data is 
recorded at an edge of zone 4, and when data recording 
is completed, the optical disc recording apparatus 1 



makes a displaying unit 28 display that data-recording 
has completed to finish recording process (s11). 
[0106] In the optical disc recording apparatus 2 ac- 
cording to the second embodiment, instead of the meth- 
5 od to record data with an optimum recording quality by 
obtaining an optimum recording power of a light beam 
corresponding to a recording velocity based on a record- 
ing power function, a method to record data with an op- 
timum recording quality by obtaining a recording power 
10 controlling waveform (write strategy) can be executed 
as same as the optical disc recording apparatus 1 ac- 
cording to the first embodiment. 
[0107] That is, an optical disc recording apparatus 2 
according to the second embodiment allocates zones 
is with a predetermined width in a recording area to be re- 
corded with a CAV method as same as an optical disc 
recording apparatus 2 according to the embodiment 2-1 . 
Also, an OPC is executed at a recording velocity corre- 
sponding to that in each zone by an experiment in ad- 
vance, and an optimum recording power is obtained to 
obtain an optimum recording parameter function s. 
These are executed by type of the optical discs, and they 
are stored in a storage unit 25 in the optica! disc record- 
ing apparatus 2. The experiment for obtaining the opti- 
mum recording parameter function s may be executed 
in a test area or in a data recording area. 
[0108] A coefficient is assigned to order to obtain a 
recording parameter function of other each zone based 
on a recording power function in a predetermined zone. 
The coefficient of each zone may be, for example, a co- 
efficient to a changing rate (a slope) in the recording pa- 
rameter function in one zone as shown in FIG. 6A. 
[0109] Moreover, when data is recorded, test record- 
ing is executed in a test area in the optical disc at two 
velocities corresponding to those in one of the plurality 
of the zones (a predetermined zone) before an actual 
data-recording to obtain an optimum value of parame- 
ters. Further, a minimum recording velocity and a max- 
imum recording velocity are ideal for two velocities in 
the above predetermined zone. Also, the test recording 
can be performed to the inner PCA area or the outer 
PCA area selectively in accordance with the recording 
velocity. 

[0110] Then, a changing rate (a slope) in the record- 
ing parameter function in a predetermined zone with the 
obtained optimum value of parameters at the obtained 
recording velocity is corrected, and a changing rate (a 
slope) in the recording parameter function in other zone 
is corrected based on the coefficient to the changing rate 
(a slope) in the recording parameter function in the pre- 
determined zone. Moreover, this correction may be ex- 
ecuted in advance or during recording data based on 
the recording power at the edge of the zone. Then, when 
data (an actual data) is to be recorded, recording is ex- 
ecuted by irradiating a light beam of write strategy that 
adapts an ideal value of the parameter derived from the 
corrected recording parameter function in each zone. 
[0111] However, by executing these methods, in the 
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conventional recording method with the CAV method, 
as the maximum recording velocity becomes faster, the 
difference of the recording velocity (amount of velocity 
change) becomes larger, and an error of the recording 
power becomes larger, this defect can be improved by 
executing these methods, and data can be recorded by 
irradiating the light beam of the write strategy adapting 
the optimum value of the parameter in each recording 
velocity. 

[0112] Here, the recording power function to be ob- 
tained by executing the experiment in advance may 
preferably be set to be a linear function. Further, a 
changing rate in the recording parameter function set to 
each zone is preferably descending toward the outer 
track side zone of an optical disc. The ground of de- 
scending is omitted because it is same as the embodi- 
ment 2-1 . 

[01 1 3] Also, in the second embodiment of the present 
invention, since the OPC is executed at two velocities 
in a predetermined zone, a changing rate in the record- 
ing parameter function in the zone can easily be calcu- 
lated. That is, the changing rate in the recording param- 
eter function is different depending on a wave length of 
the fight beam that is irradiated to the optical disc, a pe- 
ripheral temperature, a type of the optical disc, disper- 
sion of the optical disc recording apparatus and the like. 
Therefore, data in each zone is obtained with the above 
different conditions in advance; the dispersion by the 
above conditions can be prevented by executing the 
OPC at two velocities to obtain the changing rate (the 
slope) of the recording parameter function in the zone. 
For example, as shown in FIG. 6B, a dispersion of the 
recording quality by the dispersion of the peripheral tem- 
perature can be prevented by obtaining relationships 
between the recording velocity at low, normal, and high 
temperatures and the write strategy parameter in each 
zone according to the peripheral temperature. 
[01 14] Here, an abstract explanation for an operation 
in an embodiment 2-2 of the optical disc recording ap- 
paratus according to the second embodiment of the 
present invention is omitted because the operation is 
same as the embodiment 1-2. 

[0115] Next, an operation of the optical disc recording 
apparatus according to the third embodiment of the 
present invention is explained. An optical disc recording 
apparatus 3 according to a third embodiment of the 
present invention has a same structure as the optical 
disc recording apparatus 1 according to the first embod- 
iment of the present invention, and details of the struc- 
ture will be omitted. 

[0116] FIG. 7 is a graph showing a relationship be- 
tween a recording velocity and a recording power. An 
optical disc recording apparatus 3 with a structure as 
the above allocates zones with a predetermined width 
in a recording area when data recording is executed with 
a CAV method as same as an optical disc recording ap- 
paratus 1 . Also, an OPC is executed with a recording 
velocity corresponding to a recording area in each zone 



by an experiment in advance, and an optimum recording 
power is obtained to obtain a recording power function 
s. Also, a slope of the recording power function (herein- 
after called a full recording power function) is obtained 

5 based on a minimum recording velocity and a maximum 
recording velocity of recording velocities to be executed 
in all zones (a full recording area). These are executed 
by type of the optical discs, and they are stored in a stor- 
age unit ,25 in the optical disc recording apparatus 3. 

10 The experiment for obtaining the recording power func- 
tion s may be executed in a test area or in a data record- 
ing area. Also, the recording parameter function s as- 
signed to each zone that is allocated in the recording 
area of the optical disc is set to cross with a recording 

15 parameter function of an adjacent zone at a time of a 
recording velocity at an edge of the zone. 
[0117] Each coefficient is set for obtaining a recording 
power function of each zone based on the full recording 
power function in the above. Further, as each coeffi- 

20 cient, coefficient to a slope of the full recording power 
function or a tangent may be obtained by each zone. 
Also, coefficient for zone 1 may be only obtained as a 
coefficient to a slope of the full recording power function, 
and coefficient for other zones may be obtained as a 

25 coefficient to a slope of other adjacent prior zone (an 
inner track side zone). 

[01 1 8] Moreover, when data is to be recorded, test re- 
cording is executed in a test area in the optical disc at 
two recording velocities of a minimum recording velocity 

30 and a maximum recording velocity corresponding to 
those in full of the plurality of the zones before an actual 
data-recording to obtain an optimum recording power. 
Then, a slope in the full recording power function is ob- 
tained based on the obtained recording power and the 

35 recording velocity, and the recording power function in 
each zone is corrected based on each of the coefficient 
of the recording power function to the slope of this full 
recording power function. Moreover, this correction may 
be executed in advance or during recording data based 

40 on the recording power at the edge of the zone. Then, 
when data (an actual data) is to be recorded, recording 
is executed in accordance with the optimum recording 
power derived from the corrected recording power func- 
tion of each zone. 

45 [0119] However, by executing these methods, in the 
conventional recording method with the CAV method, 
as the maximum recording velocity becomes faster, an 
error of the recording power becomes larger in an inter- 
mediate area of the recording area, this defect can be 

so improved by executing these methods, and data can be 
recorded with an optimum recording power at each re- 
cording velocity. 

[0120] Here, the recording power function to be ob- 
tained by executing the experiment in advance may 
55 preferably be set to be a linear function. In the conven- 
tional method, since the difference in the recording ve- 
locity is large, error is also large. In the third embodiment 
of the present invention, since a width in each zone is 
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narrower than that of the whole recording area, the dif- 
ference in the recording velocity between the minimum 
recording velocity and the maximum recording velocity 
of each zone is small. Therefore, an optimum recording 
power can be obtained without a trouble even if the re- s 
cording power function of each zone is set to be a linear 
function. Also, since a simple linear function control is 
executed in each zone, an apparatus structure will be 
lower cost than the conventional apparatus. Moreover, 
when a width of a zone to be allocated in the recording 10 
area is narrowed to increase the number of zones, re- 
cording with a high precision can be realized. 
[0121] Further, in the optical disc apparatus 3, a 
changing rate in the recording power function set to 
each zone is preferably descending toward the outer is 
track side zone of an optical disc because as the record- 
ing velocity becomes faster, an amount of change (an 
amount of increase) in the optimum recording power 
gets small. Therefore, by choosing the changing rate as 
the above, an error from the original optimum recording 20 
power is almost eliminated, and recording with a high 
precision can be realized. 

[01 22] Next, an operation of the optical disc recording 
apparatus according to the third embodiment of the 
present invention is explained with examples by using 25 
FIGS. 7 and 4. Different points from the operation of the 
optical disc recording apparatus according to the sec- 
ond embodiment of the present invention are mainly ex- 
plained. 

[0123] The optical disc recording apparatus 3 can 30 
record data in plural types of the optical discs, and a 
recording velocity can continuously be changed from 
1 6x speed to 48x speed as an example as same as the 
optical disc recording apparatus 1 . Also, 4 zones are al- 
located in the recording area of the optical disc. The dif- 35 
ference of the recording velocity between the minimum 
recording velocity and the maximum recording velocity 
of each zone is 8x speed. That is, the recording velocity 
changes from 1 6x speed to 24x speed in a first zone 
(zone 1), 24x speed to 32x speed in a second zone 40 
(zone 2), 32x speed to 40x speed in a third zone (zone 
3), and 40x speed to 48x speed in a fourth zone (zone 4). 
[0124] Also, in the optical disc recording apparatus 3, 
an optimum recording power is obtained by executing 
an OPC at 5 recording velocities in order to obtain a re- 45 
cording power function in each zone. That is, an opti- 
mum recording power is obtained at five velocities of 1 6x 
speed, 24x speed, 32x speed, 40x speed and 48x 
speed, and a linear function is obtained as a recording 
power function in each zone. Also, slopes of the record- so 
ing power function s in zones 1 to 4 is obtained from a 
coefficient to a slope of the recording power function (full 
recording power function) in all areas of zones 1 to 4. 
That is, when the recording power function s of all zones 
of 1 to 4 (hereinafter also called full recording power ss 
function) are Y=aoX+b 0 , recording power function s in 
each zone are Y=1 ^aoX-f-b., in zone 1 , Y=1 .0aoX+b 2 in 
zone 2, Y=0.8aoX+b 3 in zone 3, and Y=0.7aoX+b 4 in 



zone 4. 

[0125] Also, coefficient for zone 1 may be obtained as 
a coefficient to a slope of the full recording power func- 
tion, and coefficient for other zones may be obtained as 
a coefficient to a slope of other adjacent prior zone (an 
inner track side zone). In this case, when the recording 
power function s of all zones of 1 to 4 are Y=aoX+b 0 , 
recording power function s in each zone are 
Y= f 1 i .200aoX-i-b 1 in zone 1, Y=0.833a 0 X+b 2 in zone 2, 
Y=0.800aoX-i-b3 in zone 3, and Y=0.875aoX+b 4 in zone 
4. 

[0126] These set full recording power functions and 
recording power function s are stored in a storage unit 
25. Moreover, the optical disc recording apparatus 3 can 
record plural types of optical disc data as the above, and 
data concerning to the recording power function s as- 
signed to each zone is stored in the storage unit 25 by 
the type of the optical disc. 

[0127] When data is recorded in an optical disc (for 
example, a CD-R) by the optical disc recording appara- 
tus 3, processes from Steps s1 to s4 are executed as 
same as the optical disc recording apparatuses 1 and 
2. Next, the controlling unit 16 outputs predetermined 
signals to the servo circuit 1 3, laser power controlling 
circuit 20 and the encoder 1 7 in order to execute the 
OPC at two velocities, and a test recording of test re- 
cording data is executed to a PCA (s5). Moreover, the 
OPC is executed at 1 6x speed that is a minimum record- 
ing velocity in zone 1 and 48x velocity that is a maximum 
recording velocity in zone 4. 

[0128] Next, the controlling unit 16 reproduces the 
test-recorded region. The returning light is received by 
the receiving device of the optical pick up 10 and con- 
verted to an electrical signal. The RF amplifier 12 out- 
puts the amplified signal to a signal quality detecting cir- 
cuit 24 (s6). The controlling unit 16 sets an optimum la- 
ser power based on the signal and the like output from 
the signal quality detecting circuit 24. That is, a slope 
and y-intercept b 0 of Y^aoX+bo, that is, the full recording 
power-function of ail over the zones 1 to 4 are obtained. 
Also, the recording power function of zone 1 (n zone: an 
initial value n=1 ) is corrected based on the optimum la- 
ser power and the recording velocity obtained at the 
minimum recording velocity corresponding to those in 
zone 1 . That is, a slope 1 .2ao and y-intercept b t of the 
recording power function of zone 1 Y=1 .2a 0 X+b 1 is ob- 
tained. Then, the controlling unit 16 outputs data to be 
recorded in the optical disc for recording output from a 
host apparatus (not shown in the figure) (s7). This data 
is irradiated as a laser light from the optical pick up 1 0 
via an encoder 1 7, a strategy circuit 1 8 and a laser driver 
19, and data is recorded in zone 1 of the optical disc 
(s8) . At this time, a laser power control ling ci rcu it 20 con- 
trols the laser driver 1 9 so that a light beam of the laser 
power in accordance with the recording power function 
of zone 1, Y=1.2a 0 X+b 1 , is irradiated from the optical 
pick up. 

[0129] The controlling unit 16 judges whether there 
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are data to record In a next zone (n+1 zone) or not when 
data-recording advances in zonel and approaches at 
an edge of zone 1 (s9). Then, same processes are re- 
peated in zones 2 to 4 (s7 to s1 0). Then, when data is 
recorded at an edge of zone 4, and when data recording 
is completed, the optical disc recording apparatus 1 
makes a displaying unit 28 display that data-recording 
has completed to finish recording process (s11). 
[0130] In the optical disc recording apparatus 3 ac- 
cording to the third embodiment, instead of the method 
to record data with an optimum recording quality by ob- 
taining an optimum recording power of a light beam cor- 
responding to a recording velocity based on a recording 
power function, a method to record data with an opti- 
mum recording quality by obtaining a recording power 
controlling waveform (write strategy) can be executed 
as same as the optical disc recording apparatus 1 ac- 
cording to the first embodiment. 
[0131] That is, an optical disc recording apparatus 3 
according to the embodiment 3-1 allocates zones with 
a predetermined width in a recording area when data is 
recorded with a CAV method as same as an optical disc 
recording apparatus 3 according to the embodiment 3-1 . 
Also, an OPC is executed with a recording velocity cor- 
responding to each zone by an experiment in advance, 
and an optimum recording power is obtained to obtain 
a recording parameter function s. Also, a slope of the 
recording parameter function (hereinafter called a full 
recording parameter function) is obtained based on a 
minimum recording velocity and a maximum recording 
velocity of recording velocities to be executed in all 
zones (an all recording area). These are executed by 
type of the optical discs, and they are stored in a storage 
unit 25 in the optical disc recording apparatus 3. The 
experiment for obtaining the recording power function s 
may be executed in a test area or in a data recording 
area. 

[01 32] Each coefficient is set for obtaining a recording 
powerfunction of each zone based on the full recording 
parameter function in the above. Further, as each coef- 
ficient, coefficient to a slope of the full recording power 
function or a tangent may be obtained by each zone. 
Also, coefficient for zone 1 may be obtained as a coef- 
ficient to aslope of thefull recording powerfunction, and 
coefficient for other zones may be obtained as a coeffi- 
cient to a slope of other adjacent prior zone (an inner 
track side zone). 

[0133] Moreover, when data Is recorded, test record- 
ing is executed in a test area in the optical disc at two 
recording velocities of a minimum recording velocity and 
a maximum recording velocity corresponding to those 
in full of the plurality of the zones before an actual data- 
recording to obtain an optimum value of a parameter. 
Then, a slope in the full recording parameter function is 
obtained based on the obtained optimum parameter val- 
ue and recording velocity, and the recording parameter 
function In each zone is corrected based on the coeffi- 
cient of the recording parameter function In each zone 



to the slope of this full recording parameter function. 
Moreover, this correction may be executed in advance 
or during recording data based on the recording power 
atthe edge of the zone. Then, when data (an actual da- 

5 ta) is recorded, recording is executed by irradiating a 
light beam of write strategy that adapts an ideal value 
of the parameter obtained by the corrected recording 
parameter function in each zone. 
^[0134] However, by executing these methods, in the 

10 conventional recording method with the CAV method, 
as the maximum recording velocity becomes faster, an 
error of the recording power becomes larger in an inter- 
mediate area of the recording area, this defect can be 
improved by executing these methods, and data can be 

is recorded with an optimum recording power at each re- 
cording velocity. 

[0135] Here, the recording parameter function to be 
obtained by executing the experiment in advance may 
preferably be set to be a linear function. Further, in the 
20 optical disc apparatus 3, a changing rate in the recording 
power function set to each zone is preferably descend- 
ing toward the outer track side zone of an optical disc. 
The reason is omitted because it is same as the embod- 
iment 3-1 . 

25 [0136] Here, an abstract explanation for an operation 
in an embodiment 3-2 of the optical disc recording ap- 
paratus 3 according to the third embodiment of the 
present invention is omitted because the operation is 
same as the embodiments 1 -2 and 2-2. 

30 [0137] The present invention has been described in 
connection with the preferred embodiments. The inven- 
tion is not limited only to the above embodiments. It is 
apparent that various modifications, improvements, 
combinations, and the like can be made by those skilled 

35 in the art. 



Claims 

I.. An optical disc recording method, comprising the 
steps of: 

(a) setting a recording parameter function rep- 
resenting a relationship between a recording 
velocity for recording data to an optical disc and 
a parameter for optimally controlling a record- 
ing power controlling waveform for controlling 
a recording power of a light beam irradiated to 
the optical disc for recording the data; 

(b) obtaining an optimal value for the parameter 
by executing a test recording at one recording 
velocity or at a plurality of recording velocities 
to a test area of the optical disc before actual 
data recording to the optical disc; 

(c) correcting the recording parameter function 
in accordance with the obtained optimal value 
for the parameter; 

(d) deriving the parameter corresponding to a 
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recording velocity from the corrected recording 
parameter function; and 
(e) recording the data by irradiating a light 
beam of the recording power controlling wave- 
form to which the obtained parameter is ap- 5 
plied. 

An optical disc recording method wherein data Is 
recorded to a recording area of an optical disc by * 
continuously increasing, from an inner track side to 10 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the method comprising the steps of: 15 

(a) allocating a plurality of zones to the record- 
ing area of the optical disc and assigning a re- 
cording power function to each zone represent- j 
ing, with a linear function, a relation ship of the 20 
recording velocity and an optimal value of the 
recording power of the light beam; 

(b) obtaining an optimal recording power by ex- 
ecuting a test recording to a test area of the op- 
tical disc at one recording velocity before actual 25 
recording of data to the optical disc; 

(c) correcting the recording power function in 
accordance with the obtained optimal recording 
power; 

(d) deriving a recording power corresponding 30 
to a recording velocity from the corrected re- 
cording power function; and 

(e) recording the data by irradiating a light 
beam of the obtained recording power. 

35 

An optical disc recording method wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, r *o 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the method comprising the steps of: 

(a) allocating a plurality of zones to the record- 45 
ing area of the optical disc and assigning a re- 
cording power function to each zone represent- 
ing, with a linear function, a relation ship of the 
recording velocity and an optimal value of the 
recording power of the light beam and setting so 
a coefficient representing a relationship of 
slopes of the recording power functions; 

(b) obtaining an optimal recording power by ex- 
ecuting a test recording to a test area of the op- 
tical disc at two recording velocities corre- ss 
sponding to those of a predetermined zone be- 
fore actual recording of data to the optical disc; 

(c) correcting the slope of the recording power 



function of the predetermined zone in accord- 
ance with the obtained optimal recording power 
and correcting the slopes of other zones in ac- 
cordance with the corrected recording power 
function of the predetermined zone and the co- 
efficient; 

(d) deriving a recording power corresponding 
to a recording velocity from the corrected re- 
cording power function; and 

(e) recording the data by irradiating a light 
beam of the obtained recording power. 

4. An optical disc recording method wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the method comprising the steps of: 

(a) allocating a plurality of zones to the record- 
ing area of the optical disc and assigning a re- 
cording power function to each zone represent- 
ing, with a linear function, a relation ship of the 
recording velocity and an optimal value of the 
recording power of the light beam, setting a full 
recording power function representing, with a 
linear function, a relationship between two re- 
cording velocities that are a minimum and a 
maximum recording velocities in all overthe re- 
cording area and an optimal recording power of 
the light beam and setting a coefficient repre- 
senting relationship between a slope of the full 
recording power function and a slope of the re- 
cording power function of each zone; 

(b) obtaining an optimal recording power by ex- 
ecuting a test recording to a test area of the op- 
tical disc at the two recording velocities that are 
the minimum and the maximum recording ve- 
locities before actual recording of data to the 
optical disc; 

(c) correcting the slope of the full recording 
power function in accordance with the obtained 
optimal recording power and correcting the 
slopes of the recording power function of each 
zone in accordance with the corrected full re- 
cording power function and the coefficient; 

(d) deriving a recording power corresponding 
to a recording velocity from the corrected re- 
cording power function; and 

(e) recording the data by irradiating a light 
beam of the obtained recording power. 

5. An optical disc recording method wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
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velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the method comprising the steps of: 

5 

(a) allocating a plurality of zones to the record- 
ing area of the optical disc and assigning a re- 
cording parameter function to each zone repre- 
senting, with a linear function, a relation ship of 
the recording velocity and a parameter for re- 10 
cording power controlling waveform of a light 
beam; 

(b) obtaining an optimal value of the parameter 
by executing a test recording to a test area of 
the optical disc at one recording velocity before is 
actual recording of data to the optical disc; 

(c) correcting the recording parameter function 
in accordance with the obtained optimal param- 
eter; 

(d) deriving a parameter corresponding to a re- 20 
cording velocity from the corrected recording 
parameter function; and 

(e) recording the data by irradiating a light 
beam of the recording power controlling wave- 
form to which the obtained parameter. 25 

An optical disc recording method wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 30 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the method comprising the steps of: 

35 

(a) allocating a plurality of zones to the record- 
ing area of the optical disc and assigning a re- 
cording parameter function to each zone repre- 
senting, with a linear function, a relation ship of 
the recording velocity and a parameter for re- 40 
cording power controlling waveform of a light 
beam and setting a coefficient representing a 
relationship of a slope of the recording param- 
eter function of each zone; 

(b) obtaining an optimal value of the parameter <s 
by executing a test recording to a test area of 
the optical disc at two recording velocities cor- 
responding to those of a predetermined zone 
before actual recording of data to the optical 
disc; so 

(c) correcting the slope of the recording param- 
eter function of the predetermined zone in ac- 
cordance with the obtained optimal recording 
power and correcting the slopes of the record- 
ing parameters of other zones in accordance ss 
with the corrected recording parameter function 

of the predetermined zone and the coefficient; 

(d) deriving a parameter corresponding to a re- 



cording velocity from the corrected recording 
parameter function; and 
(e) recording the data by irradiating a light 
beam of the recording power controlling wave- 
form to which the obtained parameter. 

7. An optical disc recording method wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the method comprising the steps of: 

(a) allocating a plurality of zones to the record- 
ing area of the optical disc and assigning a re- 
cording parameter function to each zone repre- 
senting, with a linear function, a relation ship of 
the recording velocity and a parameter for re- 
cording power controlling waveform of a light 
beam, setting a full recording parameter func- 
tion representing, with a linear function, a rela- 
tionship between two recording velocities that 
are a minimum and a maximum recording ve- 
locities in all over the recording area and an op- 
timal value of the parameter for recording pow- 
er controlling waveform of a light beam and set- 
ting a coefficient representing relationship be- 
tween a slope of the full recording parameter 
function and aslope of the recording parameter 
function of each zone; 

(b) obtaining an optimal value of the parameter 
by executing a test recording to a test area of 
the optical disc at the two recording velocities 
that are the minimum and the maximum record- 
ing velocities before actual recording of data to 
the optica! disc; 

(c) correcting the slope of the full recording pa- 
rameter function in accordance with the ob- 
tained optimal recording power and correcting 
the slopes of the recording parameter function 
of each zone in accordance with the corrected 
full recording parameter function and the coef- 
ficient; 

(d) deriving a parameter corresponding to a re- 
cording velocity from the corrected recording 
parameter function; and 

(e) recording the data by irradiating a light 
beam of the recording power controlling wave- 
form to which the obtained parameter. 

8. An optical disc recording method according claim 
2, the slope of the recording power function repre- 
sented with the linear function is smaller in the outer 
track side of the optical disc than in the inner track 
side. 
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9. An optical disc recording method according claim 5 
the slope of the recording parameter represented 
with the linear function is smaller in the outer track 
side of the optical disc than in the inner track side. 

5 

10. An optical disc recording apparatus, comprising: 

setting for setting a recording parameter func- 
tion representing a relationship between a re- 
cording velocity for recording data to an optical 10 
disc and a parameter for optimally controlling a 
recording power controlling waveform for con- 
trolling a recording power of a fight beam Irra- 
diated to the optical disc for recording the data; 
optimal value obtaining means for obtaining an 15 
optimal value for the parameter by executing a 
test recording at one recording velocity or at a 
plurality of recording velocities to a test area of 
the optical disc before actual data recording to 
the optical disc; 20 
correcting means for correcting the recording 
parameter function in accordance with the ob- 
tained optimal value for the parameter; 
parameter deriving means for deriving the pa- 
rameter corresponding to a recording velocity 25 
from the corrected recording parameter func- 
tion; and 

recording means for recording the data by irra- 
diating a light beam of the recording power con- 
trolling waveform to which the obtained param- 30 
eter is applied. 

1 1. An optical disc recording apparatus wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 35 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 

the data, the apparatus comprising: f 40 

allocating means for allocating a plurality of 
zones to the recording area of the optical disc 
and assigning a recording power function to 
each zone representing, with a linear function, <5 
a relation ship of the recording velocity and an 
optimal value of the recording power of the light 
beam; 

optimal recording power obtaining means for 
obtaining an optimal recording power by exe- so 
cuting a test recording to a test area of the op- 
tical disc at one recording velocity before actual 
recording of data to the optical disc; 
correcting means for correcting the recording 
power function in accordance with the obtained 55 
optimal recording power; 
recording power deriving means for deriving a 
recording power corresponding to a recording 



velocity from the corrected recording power 
function; and 

recording means for recording the data by irra- 
diating a light beam of the obtained recording 
power. 

12. An optical disc recording apparatus wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the apparatus comprising: 

allocating means for allocating a plurality of 
zones to the recording area of the optical disc 
and assigning a recording power function to 
each zone representing, with a linear function, 
a relation ship of the recording velocity and an 
optimal value of the recording power of the light 
beam and setting a coefficient representing a 
relationship of slopes of the recording power 
functions; 

optimal recording power obtaining means for 
obtaining an optimal recording power by exe- 
cuting a test recording to a test area of the op- 
tical disc at two recording velocities corre- 
sponding to those of a predetermined zone be- 
fore actual recording of data to the optical disc; 
correcting means for correcting the slope of the 
recording power function of the predetermined 
zone in accordance with the obtained optimal 
recording power and correcting the slopes of 
other zones in accordance with the corrected 
recording power function of the predetermined 
zone and the coefficient; 
recording power deriving means for deriving a 
recording power corresponding to a recording 
velocity from the corrected recording power 
function; and 

recording means for recording the data by irra- 
diating a light beam of the obtained recording 
power. 

13. An optical disc recording apparatus wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the apparatus comprising: 

allocating means for allocating a plurality of 
zones to the recording area of the optical disc 
and assigning a recording power function to 
each zone representing, with a linear function, 
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a relationship of the recording velocity and an 
optimal value of the recording power of the light 
beam and sets a full recording power function 
representing, with a linear function, a relation- 
ship between two recording velocities that are 5 
a minimum and a maximum recording veloci- 
ties in all overthe recording area and an optimal 
recording power of the light beam and setting 
a coefficient representing relationship between 
a slope of the full recording power function and 10 
a slope of the recording power function of each 
zone; 

optimal recording power obtaining means for 
obtaining an optimal recording power by exe- 
cuting a test recording to a test area of the op- 15 
tical disc at the two recording velocities that are 
the minimum and the maximum recording ve- 
locities before actual recording of data to the 
optical disc; 

correcting means for correcting the slope of the 20 
full recording power function in accordance with 
the obtained optimal recording power and cor- 
recting the slopes of the recording power func- 
tion of each zone in accordance with the cor- 
rected full recording power function and the co- 25 
efficient; 

recording power deriving means for deriving a 
recording power corresponding to a recording 
velocity from the corrected recording power 
function; and 30 
recording means for recording the data by irra- 
diating a light beam of the obtained recording 
power. 

1 4. An optical disc recording apparatus wherein data is 35 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 40 
light beam irradiated to the optical disc for recording 
the data, the apparatus comprising: 

allocating means for allocating a plurality of 
zones to the recording area of the optical disc 45 
and assigning a recording parameter function 
to each zone representing, with a linear func- 
tion, a relation ship of the recording velocity and 
a parameter for recording power controlling 
waveform of a light beam; so 
optimal recording power obtaining means for 
obtaining an optimal value of the parameter by 
executing a test recording to a test area of the 
optical disc at one recording velocity before ac- 
tual recording of data to the optical disc; 55 
correcting means for correcting the recording 
parameter function in accordance with the ob- 
tained optimal parameter; 



recording power deriving means for deriving a 
parameter corresponding to a recording veloc- 
ity from the corrected recording parameter 
function; and 

recording means for recording the data by irra- 
diating a light beam of the recording power con- 
trolling waveform to which the obtained param- 
eter. 

15. An optical disc recording apparatus wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
light beam irradiated to the optical disc for recording 
the data, the apparatus comprising: 

allocating means for allocating a plurality of 
zones to the recording area of the optical disc 
and assigning a recording parameter function 
to each zone representing, with a linear func- 
tion, a relation ship of the recording velocity and 
a parameter for recording power controlling 
waveform of a light beam and setting a coeffi- 
cient representing a relationship of a slope of 
the recording parameter function of each zone; 
optimal recording power obtaining means for 
obtaining an optimal value of the parameter by 
executing a test recording to a test area of the 
optical disc at two recording velocities corre- 
sponding to those of a predetermined zone be- 
fore actual recording of data to the optical disc; 
correcting means for correcting the slope of the 
recording parameter function of the predeter- 
mined zone in accordance with the obtained 
optimal recording power and correcting the 
slopes of the recording parameters of other 
zones in accordance with the corrected record- 
ing parameter function of the predetermined 
zone and the coefficient; 
recording power deriving means for deriving a 
parameter corresponding to a recording veloc- 
ity from the corrected recording parameter 
function; and 

recording means for recording the data by irra- 
diating a light beam of the recording power con- 
trolling waveform to which the obtained param- 
eter. 

16. An optical disc recording apparatus wherein data is 
recorded to a recording area of an optical disc by 
continuously increasing, from an inner track side to 
an outer track side of the optical disc, a recording 
velocity for recording data and, simultaneously, 
continuously strengthening a recording power of a 
m light beam irradiated to the optical disc for recording 
the data, the apparatus comprising: 



21 



41 



EP 1 351 225 A2 



allocating means for allocating a plurality of 
zones to the recording area of the optica] disc 
and assigning a recording parameter function 
to each zone representing, with a linear func- 
tion, a relation ship of the recording velocity and 5 
a parameter for recording power controlling 
waveform of a light beam and sets a full record- 
ing parameter function representing, with a lin- 
ear function, a relationship Between two record- 
ing velocities that are a minimum and a maxi- 10 
mum recording velocities in all over the record- 
ing area and an optimal value of the parameter 
for recording power controlling waveform of a 
light beam and setting a coefficient represent- 
ing relationship between a slope of the full re- ^ 
cording parameter function and a slope of the 
recording parameter function of each zone; 
optimal recording power obtaining means for 
obtaining an optimal value of the parameter by 
executing a test recording to a test area of the 20 
optical disc at the two recording velocities that 
are the minimum and the maximum recording 
velocities before actual recording of data to the 
optical disc; 

correcting means for correcting the slope of the 25 
full recording parameter function in accordance 
with the obtained optimal recording power and 
correcting the slopes of the recording parame- 
ter function of each zone in accordance with the 
corrected full recording parameter function and 30 
the coefficient; 

recording power deriving means for deriving a 
parameter corresponding to & recording veloc- 
ity from the corrected recording parameter 
function; and 35 
recording means for recording the data by irra- 
diating a light beam of the recording power con- 
trolling waveform to which the obtained param- 
eter. 

? 40 

17. An optical disc recording apparatus according claim 
11 , wherein the slope of the recording power func- 
tion represented with the linear function is smaller 
in the outer track side of the optical disc than in the 
inner track side. 45 

1 8. An optical disc recording apparatus according claim 
14, wherein the slope of the recording parameter 
represented with the linear function is smaller in the 
outer track side of the optical disc than in the inner so 
track side. 
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